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Chemical characterizationAbstract Developing countries face a common problem that is the deﬁciency in protein intake by
poor people. This problem demands incentive policies for consumption of vegetable protein with
low cost and good quality. As a solution to the problem, the production of two peanut based bev-
erages has been sought due to their adequate source of protein, wide offer and low cost. It has also
been taken under consideration total titratable acidity, pH, moisture content, proteins, and ashes
from the ‘‘peanut milk’’ enriched with umbu and guava pulps, stored at a temperature of 18 C
(0.4 F) for 150 days with follow ups every 30 days. Results for acidity regarding the beverage
enriched with umbu pulp were superior to the beverage enriched with guava pulp; as to protein
amount, it was observed a decrease in the studied formulations during storage.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University.1. Introduction
Due to the increase of poverty witnessed in the last few years,
Brazil has invested in alternative food to ﬁght starvation, par-
ticularly in the low income population. Belonging to the Legu-
minosae family peanut is one of the main oil seeds produced in
the world, taking fourth place after soya, cotton and rapeseed
(Freitas et al., 2005). Interest and consumers’ search for
healthier food enabled fast growth in the food industry seg-
ment, which aims to achieve a diet of better quality.Peanut (Arachis hypogaea) is an important source of
protein for an average Brazilian citizen’s diet (Wetzel et al.,
2005). According to the Food and Agriculture Organization
nowadays 15 species of plants are responsible for 90% of
people’s diet, peanut is among these.
Guava is a fruit high in nutritional value, six to seven times
richer in vitamin C than other citric fruits (traditional source
of this vitamin) surpassing amounts present not only in Barba-
dos cherry, but also Camu camu and cashew; it also stands out
due to its elevated amounts of sugar, vitamin A, vitamin B (thi-
amin and niacin) and signiﬁcant amounts of phosphorus, iron
and calcium. Characterized by its typical aroma and ﬂavor the
quantity of ﬁber found in the fruit provides it with high diges-
tive capacity and excellent quality.
Umbu (Spondias tuberosa) is endemic in the Brazilian semi-
arid climate present from Piauı´ to the North of Minas Gerais.
Popularly known as umbuzeiro ou imbuzeiro, the plant pre-
sents many economical utilities and its fruit is commercialized
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lent taste, aroma and nutritive qualities.
Current alternative means of production for peanut extract
(peanut milk) based on soya extract used in the social programs
of distribution to families with low income – particularly in the
state of Paraiba, where the equipment known as mechanic cow
is obtained – is being sought.
The peanut milk composition depends on the desire of the
producer, but in all cases, this low cost milk has high protein
content (Kouane et al., 2007).
Several authors have researched the peanut milk. The
importance of this study is shown, for instance, by Isanga
and Zhang (2009) and also by Zhang et al. (2011), which stud-
ied, respectively, the peanut milk yoghurt and the stability of
peanut mango milk.
Therefore, in this paper the behavior of physical–chemical
properties (titratable acidity, pH, moisture content, raw pro-
teins, and ashes) from the ‘‘peanut milk’’ enriched with umbu
and guava pulps has been studied. Emphasis was given to the
storage of the beverages at a temperature of 18 C (0.4 F) for
150 days with reading of physical–chemical components each
30 days.
2. Materials and methods
2.1. Location of the experiment
The experiments took place in the Laboratory of Storage and
Processing of Agricultural Products of Federal University of
Campina Grande with collaboration from the State University
of Paraiba, both in Campina Grande, Paraiba, Brazil.
2.2. Raw material
Peanut seeds (A. hypogaea L.) used in the experiments were ob-
tained from a supermarket located in Campina Grande, Para-
ı´ba, Brazil. On the other hand, Umbu (S. tuberosa Arr. Cam.)
and guava (Psidium guajava L.) pulps were obtained in a fro-
zen state at a factory of fruit pulp in Campina Grande.
Both fruit pulps were homogenized and repacked in low
density polyethylene bags. One part of the samples was charac-
terized according to moisture content, pH, acidity, ashes and
soluble solids. The other part was stored in a freezer at theFigure 1 Mechanic cow.temperature of 18 C (0.4 F) until it was used in the
experiments.
2.3. Obtaining the peanut extract
The obtainment of peanut extract (peanut milk) is achieved due
to a machine, developed by LAPPA to this single purpose,
named mechanic cow (Fig. 1) in which the extract derived from
peeled peanuts was studied. Prior to the maceration peanuts
were manually peeled and soaked in water for 8–12 h at room
temperature. Afterward water was drained and peanuts were
washed in running water in order to be submitted to whitening
and warm grinding at the ratio (grain:water) of 1:8 p/v, to ob-
tain the hydrosoluble peanut extract. At a later moment, the
peanut extract was packed in polyethylene terephthalate
(PET) and stored at 18 C (0.4F) for 150 days.
2.4. Beverage formulation
Beverage formulation consisted of adding the umbu or guava
pulp to the peanut extract at the ratio of 1:8 (p/v) in two pro-
portions of 40P:60PE and 60P:40PE (P: pulp, PE: peanut
extract).
2.5. Analytical determinations
Beverage was conditioned in polyethylene ﬂasks and stored at
a temperature of 18 C (0.4F) during 150 days. Samples
were evaluated in triplicates each 30 days in terms of total
titratable acidity, pH, moisture content, proteins and ashes
according to recommendations of Brazil (2008).
2.6. Statistical design
Results were analyzed through Assistat Computational Pro-
gram (Silva and Azevedo, 2006), version 7.4 beta, in a com-
pletely randomized design (CRD): 2 · 2 · 5 (2 formulations,
2 pulps, 5 times). Measures were compared through Tukey’s
test (at 5% probability) and also variance analysis.
3. Results and discussion
3.1. Centesimal composition of umbu, guava pulps and the
peanut extract
Data regarding the centesimal composition of guava and
umbu pulps as well as the peanut extract (peanut milk) are ex-
posed in Table 1.Table 1 Physical–chemical characterization of guava and
umbu pulps and peanut milk.
Determinations Umbu pulp Guava pulp Peanut Milk
Moisture content (%) 92.10 86.54 90.40
pH 2.61 3.75 6.70
Acidity (%) 5.40 0.55 0.30
Ashes (%) 0.30 0.41 0.11
Proteins (%) – – 2.46
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one found by Gouveia et al. (2004) in the characterization
study of guavas from the semi-arid of Paraiba, in which pH
of 3.90 was obtained. Regarding acidity of the same pulp, re-
sults of 0.55% were conﬁrmed by Gouveia et al. (2003) who
in their studies obtained 0.89% acidity of guava pulp. Evaluat-
ing the amount of ash in the guava pulp it is observed 0.41%,
which is half of the value (0.81%) found by Souza et al. (2010)
for the same pulp. Umbu pulp presented moisture content of
92.1%. A similar result was found by Pereira et al. (2008)
who presented moisture content for umbu pulp of 87.00%.
Analysis of umbu pulp pH value was 2.61 and acidity
5.40%; ash amount was 0.30%. Results from this study are
supported by Mattietto et al. (2007) who found for umbu pulp
pH 1.39 and ash amount of 0.4%. Data regarding peanut ex-
tract show that moisture content amounts are similar to the
ones found by Branco et al. (2007) and Benedetti et al.
(2003) for soya extract presented at 95.94% and 94.31%,
respectively. Abreu et al. (2007) determined pure pH of 6.78
for soya extract close to 7.33 described by Felberg et al.
(2004) in their physical–chemical analysis of whole soya ex-
tract; such results are similar to the ones found for peanut ex-
tract (6.70). Protein amount (2.46%) was superior to Rubico
et al. (1987) of 2.14% for peanut extract as well.
3.2. Centesimal composition of formulated beverages
3.2.1. Acidity
Fig. 2 shows the polynomial equation degree of three with R2
above 63.2% referent to the inﬂuence of the interaction of pulp
and storage time.
Results obtained for each pulp during storage reveal varia-
tion in behavior more uniformly for those beverages formu-
lated with umbu pulp, in which acidity increases until the
fourth month in storage to decrease with statistical equality
to the amount of acidity in the second month. On the topic,
it is known that states that total titratable acidity of a fruit
is given by the presence of organic acids and the amount of
said acids tend to decrease during maturation process due to
their oxidation in the tricarboxylic acids cycle, a result of res-
piration or the conversion into sugar. Results of this study
conform with those of the research by Bora et al. (1991), Costa
et al. (1998), Moura et al. (2003), Sampaio et al. (2007) and Sil-
va et al. (2008) with caja (Spondias lutea), which defend de-
crease of acidity with storage time.Figure 2 Graphic representation of acidity for beverages for-
mulated with umbu and guava pulps.For beverages formulated with guava, the largest amount
of acidity was found during the third month and the smallest
in the ﬁfth, the latter being statistically equal to the acidity per-
centage of the second month of storage. Mattietto et al. (2007),
in a technological study of syrup mix of caja (S. lutea) and
umbu (Spondias tuberose) pointed out that physical–chemical
characteristics of fruits from a given species vary according
to genetics, location, harvest, maturation phase, cultural traits
among others.
However when results from both beverages during each
month are analyzed it is veriﬁed that statistic uniformity of re-
sults regarding percentages of acidity for beverages formulated
with umbu statistically surpasses the acidity percentage of the
beverage formulated with guava pulp, during all times of stor-
age. This behavior is probably due to the formation of organic
acids (polygalacturonic acid) derived from the degradation of
cellular wall.
Results from this research are supported by studies such as
the ones done by Martins et al. (2010) who analyzed the shelf
life of unripe umbu and ripe umbu candy during 120 days, thus
ﬁnding acidity percentage superior to the one found by Soares
et al. (2007) in their studies about stored guava.
The authors also observed an increase in acidity with vari-
ations during storage.
3.2.2. Pulp during storage time in a freezer
Regarding the interaction formulation with storage time
(Fig. 3) it is veriﬁed that intervals of studied values can be esti-
mated by polynomial equations with safety of 93.8% and
97.7% revealed by R2, which shows high precision of the stud-
ied equations in representing experimental data.
As time progresses there is an increase in acidity percentage
that reaches its peak in the fourth month, not differing statis-
tically from the third month for both formulations of 40% and
60%. It has been hypothesized that the increase in acidity of
the product derives from protein and lipid hydrolysis by or-
ganic acids in the samples, which generated amino acids of a
more acid nature in watery means and free fatty acid,
respectively.
3.2.3. pH
In Fig. 4 are presented the results for interaction of pulp with
storage time, in which it is veriﬁed that polynomial equation
safely represents the estimation of experimental data for bever-
ages in the studied time intervals.Figure 3 Graphic representation of acidity for formulations of
40% and 60% during storage time in a freezer.
Figure 4 Graphic representation of pH for beverages formulated
with umbu and guava pulps during storage in a freezer.
Figure 6 Graphic representation of moisture content for pulps
stored in a freezer.
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erages formulated with guava pulp as storage time progresses,
reaching a peak in pH during the second month which is sta-
tistically the same as the third month. A similar behavior is ob-
served for the beverage formulated with umbu pulp which
presents its higher pH also in the second month, decreasing
with statistical equality in the third and fourth months. During
all storage times, beverages formulated with guava fruit pre-
sented higher pH when compared to the ones formulated with
umbu pulp, except the second month when statistically pH val-
ues were equal. Comparing these data to the acidity, it is clear
that pH is directly associated to a decrease in fruit acidity, an
observation also present in studies by Nogueira et al. (2002)
for Barbado cherry.
From Fig. 5, it is veriﬁed that for both formulations, from
the second month onward, there is a decrease in pH as the stor-
age time progresses until the fourth month. Analyzing each
time, it is observed pH determinations for formulation of
40% were superior to pH for formulation of 60%. It is also
evident that intermediate values can be estimated with reason-
able precision (R2 superior to 78.9%) through the studied
polynomial equations of degree of three.
3.2.4. Moisture content
Fig. 6 exposes results referent to the inﬂuence of the interaction
of pulp with storage time over moisture content percentage,Figure 5 Graphic representation of pH for formulations of 40%
and 60% during storage time in a freezer.having polynomial equations of degree three satisfactorily rep-
resented experimental data with R2 above 81.6%.
Results obtained for each pulp during storage show varia-
tion of behavior, with greater uniformity for the beverage for-
mulated with umbu pulp, to which the moisture content
percentage decreases during storage. For beverages formulated
with guava pulp greater moisture content was found during the
ﬁfth month of storage.
Variation in moisture content percentage during storage
might have been inﬂuenced by the wrapping which did not
provide proper protection against water steam, increasing the
amount of free water in the product. Gabriel (2008) in regard
to this matter defends that in industry evaluation of food mois-
ture content particularly studies of shelf life is essential, once
the parameter is used to predict microbiological and chemical
stability in the evaluated system.
Analyzing data represented in Fig. 7 for 40% formulation the
percentage of moisture content decreases from the second month
and remained statistically unaltered for 60% formulation during
all storage; in addition 60%formulationwas superior to 40%for-
mulation in the ﬁfth month. It was also observed good represen-
tation of polynomial equations which could estimate with 72.4%
safety experimental data revealed by R2.
These outcomes are similar to the ones found by Galdino
et al. (2003) who conclude after studying powder fruit pulpFigure 7 Graphic representation of moisture content in 40 and
60% formulations during storage in a freezer.
Figure 9 Graphic representation of protein percentage for 40%
and 60% formulations during storage in a freezer.
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tically unaltered for 50 days of storage.
3.2.5. Proteins
Fig. 8 shows data regarding the inﬂuence of the interaction
pulp with storage time over protein percentage, making evi-
dent that polynomial equation of degree three presented R2
above 98.9%.
Results obtained for each pulp during storage show that
formulation with umbu pulp decreased with time, reaching sta-
tistical equivalence in the third month.
For beverages formulated with guava pulp it was noticed
statistical equality for all months except the ﬁrst, when higher
protein percentage was detected; however when results from
both pulps are analyzed monthly it is veriﬁed that initially
umbu pulp formulation presented higher percentage of pro-
tein, however both pulps obtained statistical equality in the
second and third months of storage; the fourth month was pos-
sible to verify higher percentage of protein for beverages for-
mulated with guava pulp rather than umbu pulp.
These data are partially in accordance to what was stated
by Lousada Junior et al. (2006) that protein percentages found
in pulp residue, after beverage formulation, are inﬂuenced by
protein percentages from the fruit seed, as they contain higher
protein levels.
In Fig. 9 it becomes evident the interaction formulation
with storage time, in which polynomial equations of degree
three safely represented estimation for experimental data for
formulations in the studied intervals, with R2 above 97.2%.
It is conﬁrmed that both formulations present a decrease in
protein percentage over time. For 40% formulation statistical
equality is observed from the second month for all storage
times. When 60% formulation was analyzed, it presented sta-
tistical equality in the third, fourth and ﬁfth months of storage;
it also highlighted that for both formulations statistical equal-
ity was found for all months of storage, except the third and
fourth months.
3.2.6. Ashes
Fig. 10 shows data regarding the inﬂuence of the interaction of
pulp with storage time over percentage of ash; it is important
to notice that data were submitted to regression analysis inFigure 8 Graphic representation of protein percentage of umbu
and guava pulps during storage in a freezer.which, in the present study, polynomial equation of degree
three represents such data with R2 superior to 99.8%.
Results obtained for each pulp during storage reveal that
the beverage formulated with umbu pulp grew with storage
time. For guava formulated beverages percentage of ash was
inferior until the fourth month. However when results from
both beverages for each month are analyzed, it proved statisti-
cal uniformity, with guava formulation statistically surpassing
formulation with umbu pulp during storage. These results are
conﬁrmed by Souza et al. (2011) in their study on nutritional
characterization of tropical fruit pulp residues, when it was no-
ticed that guava pulp residue obtained higher percentage of
ashes (0.72%) compared to the other ones.
Results of formulation with storage time for ash percent-
age, represented by the polynomial equations of degree three
(Fig. 11) present correlation coefﬁcient (R2) above 99.5% for
experimental data.
Interaction of formulation with storage time demonstrated
that for 40% formulation as time progresses there is a decrease
in ash percentage until the third month; the amount increases
from the forth month, ﬁnding statistical equality in the ﬁfth
month, when compared to the ﬁrst month of storage; 60% for-
mulation presents a decrease in ash percentage during storage,
however during the ﬁfth month statistical equality is found.Figure 10 Graphic representation of the percentage of fruit pulp
ashes during storage time in a freezer.
Figure 11 Graphic representation of ash percentage for 40%
and 60% formulations during storage time in a freezer.
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lations showed that initially 40% formulation presented itself
superior to 60% formulation. However, during the second
and third months the opposite was veriﬁed; it was also ob-
served that during the fourth month ash percentage did not
differ statistically between formulations.
4. Conclusions
As a result of this research, the following conclusions can be
summarized:
1. pH for peanut extract is higher than both umbu and guava
fruit pulps.
2. Beverages formulated with umbu pulp present higher acid-
ity and those formulated with guava present higher
amounts of ash.
3. pH determinations for 40% formulation were superior to
pH for 60% formulation.
4. Protein percentage of both formulations under investiga-
tion (40% and 60%) decreases over storage time.
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